and used for the MOZART preindustrial and present-day simulations. The change in the geographical distribution from the preindustrial to present occurs primarily through enhanced emissions in northern America, Europe, China, and India due to the application of fertilizer in these regions. As will be discussed later, this feature is particularly important when calculating preindustrial ozone, as soil emissions were the major surface source of NOx around 1850. The CO global budget given in Table 2 indicates that the preindustrial CO burden, as calculated by MOZART, is 3 times lower than the current value, reflecting lower direct surface emissions and a reduced photochemical production through CH4and NMHCs oxidation. More abundant OH concentrations at preindustrial times also contribute to lower CO densities.
Evolution of Tropospheric Ozone and Its Precursors
A . 
Plate 4. (left) Surface distribution of NOx calculated in July for preindustrial and present-day conditions (pptv). (right) Surface distribution of (•0 calculated in July for preindustrial and present-day conditions (ppbv).
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O. Table 4 ). Plate 12 provides a different perspective on the future ozone change and shows the zonal mean increase (in both percent and ppbv) from present to 2050 for January and July conditions. As illustrated earlier, the ozone increase appears in the tropics during both seasons and reaches 40% in zonal average. Because of rapid upward transport in these regions, the ozone increase propagates through the mid and upper troposphere where the impact on the radiative forcing is the largest. In July an ozone increase reaching 30-35% and associated with convective mixing is predicted in the tropical upper troposphere. Transport from the tropical and subtropical boundary layer to higher latitudes along isentropes is also visible during both seasons. In July, ozone increases by up to 20-25% in the northern hemisphere upper troposphere. Again, this future evolution clearly contrasts with the ozone increase from the preindustrial era (see Plate 7) mainly located at northern midlatitudes. The calculated ozone change is in general agreement with the previous estimate by Brasseur et al. [1998a] , who used the IS92a scenario without changing the geographical distribution of the emissions. We note that, as a consequence, the change in ozone is less marked in the southern hemisphere in this earlier study.
As a consequence of increased surface emissions and photochemical production, the global burden of CO increases by 40% from present to 2050 (Table 2) . The global CO photochemical lifetime increases by about 5 days (from 1.97 to 2.15 months), and the methane photochemical lifetime increases by about i year (from 9.28 to 10.21), reflecting a 10% reduction in the global mean OH concentration and, hence a decrease in the oxidizing power of the atmosphere. The tropospheric ozone global net photochemical production increases by about 40% from present to future (Table 3) , and the global ozone burden increases by about 22% (46 Tg). It should be noted that these future estimates are highly uncertain and should only be used as an illustration of the potential evolution of ozone in the future. However, it is important to emphasize that these future estimates reveal the crucial role played by the emissions in countries subject to rapid economic and population growths, especially countries located in the tropics.
The future ozone change has been introduced in the Finally, we would like to emphasize two important limitations of this work. First, the ozone evolution presented in this study only considers the role played by increasing emissions of precursors. This allows us to isolate this particular effect on the composition of the troposphere. However, other factors are likely to play an important role in determining the tropospheric ozone change in an evolving climate system. In particular, changes in climate (i.e., water vapor, temperature, dynamics, clouds, precipitations, convective regime) are likely to have influenced (and influence in the future) the budget of tropospheric ozone. Furthermore, the influence of stratospheric ozone change and its influence on both tropospheric chemistry through penetration of ultraviolet radiation and export to the lower atmosphere is not taken into account in the present study. Second, scenarios for future evolution are highly uncertain. In this study, we use the IPCC IS92a as a reference scenario. New scenarios are currently being prepared for the IPCC third assessment report considering more recent assumptions affecting economical growth and regulatory measures. Even with these updated emissions, the prediction of a future evolution remains highly speculative. Therefore the model predictions reported here should be considered only as an illustration of potential development of ozone and precursors in the future.
